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Background: Elderly adults are at a higher risk of complications during their hospital stay and have
a higher in-hospital mortality rate. The aim of this study was to analyze the risk factors associated with
mortality in the oldest-old patients admitted to a large teaching hospital in Taiwan.
Methods: All study participants, aged more than 75 years, were recruited from the unselected acutely ill
patients admitted to our hospital between March and July 2009.
Results: A total of 3945 admissions were included. Out of these, 2037 (51.6%) patients were female and
the average age was 81.8 (5.4) years. The overall in-hospital mortality rate was 8.2% (9.9% in medical
wards; 3.7% in surgical wards). The main predictors for in-hospital mortality in medical wards were
advanced age >80 years [odds ratio (OR), 1.83 (1.25e2.68)], plasma glucose at admission >160 or
<80 mg/dL [OR, 1.97 (1.36e2.85)], alanine aminotransferase >80 U/L [OR, 2.78 (1.68e4.58)], creatinine
>1.5 mg/dL [OR, 2.91 (2.06e4.12)], white cell count >12 103 or <3 103/mL [OR, 2.59 (1.84e3.65)], and
abnormal blood pressure >180 or <90 mmHg [OR, 2.29 (1.31e3.99)]. Abnormal levels of hemoglobin
(<9 g/dL), white cell count, and being transferred from the emergency roomwere signiﬁcantly related to
in-hospital mortality in surgical wards.
Conclusions: Our ﬁndings suggest that particular attention should be paid to patients with an older age,
those with abnormal levels of routine admission tests, or those being referred from an emergency room,
which indicates critical health conditions, and higher in-hospital mortality.
Copyright  2012, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Interest in the elderly is warranted by the fact that this segment
of population is rapidly growing1. The proportion of the elderly
population in Taiwan reached 10.3% in 2008. It continues to
increase and is expected to reach 41.6% by20602. As the elderly
population increases, medical expenses also increase, reaching as
high as 34.4% of total medical expenditure in Taiwan3. The
Department of Health Statistics reported that the elderly accounted
for 26.9% of the total number of inpatient hospital admissions3.
Elderly adults are at a higher risk of complications during their
hospital stay, and the mortality rate is double that of young
persons4. There are well-established mortality risk factors such as
hypertension, hypercholesterolemia, increased body mass index,rtment of Family Medicine,
an North Road, Taipei 10449,
g).
iwan Society of Geriatric Emergenheart disease, and cancer5e7. However, very few studies have
focused on elderly adults. Zimmer et al8 reported that some health
conditions, such as cardiovascular problems, diabetes, stroke, and
lung problems, increase mortality in the elderly signiﬁcantly. Fall
problems9 and inappropriate drug use10 have also been related to
mortality in the elderly.
However, a deﬁnitive cause of death attributable to a single
disease process is often not found11,12, and the association between
chronic conditions and mortality may be weaker in the elderly.
Older age, male sex, being disabled, and having low self-
assessments of health and function have also been reported to
lead to a greater risk of mortality4,8,13,14 in community-dwelling
elderly.
Although access to healthcare, as facilitated by the Universal
Health Insurance Program, has led to a decrease in mortality in
Taiwan8, the issue of in-hospital mortality is still important in the
clinical medical setting.
To the best of our knowledge, no hospital-based data are
available on the risk factors for in-hospital mortality in the elderly
in Taiwan. The purpose of this study, therefore, was to analyze thecy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
Table 1
Admission database diagnosis codes according to different wards.
Medical
wards
Surgical
wards
n % n %
Total participants 2867 100 1078 100
Cardiovascular diseases (ICD-9, 390e459.9) 731 25.5 164 15.2
Ischemic heart disease (ICD-9, 410e414.9) 179 6.2 19 1.8
Cerebrovascular diseases (ICD-9, 430e438.9) 154 5.4 63 5.8
Congestive heart failure (ICD-9, 428) 168 5.9 6 0.6
Respiratory diseases (ICD-9, 460e519.9) 686 23.9 37 3.4
Pneumonia (ICD-9, 486) 336 11.7 4 0.4
Gastroenteric diseases (ICD-9, 530e578.9) 496 17.3 161 14.9
Renal diseases (ICD-9, 580e599) 467 16.3 111 10.3
Cancers (ICD-9, 141e203) 423 14.8 213 19.8
Infectious diseases (ICD-9, 002e099.9) 312 10.9 11 1.0
Sepsis (ICD-9, 038.9) 249 8.7 8 0.7
Type 2 diabetes (ICD-9, 250) 134 4.7 46 4.3
Traumatic fracture (ICD-9, 800e829) 10 0.3 177 16.4
ICD-9¼ International Classiﬁcation of Diseases, 9th Revision Clinical Modiﬁcation.
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to examine the factors associated with mortality.
2. Materials and methods
2.1. Participants
This study is a retrospective analysis of an admission database.
All study participants, aged more than 75 years, were recruited
from unselected acutely ill patients admitted to our hospital
between March and July 2009. No exclusion criteria were consid-
ered. This hospital is a large urban teaching hospital with the
largest number of medical, surgical, and intensive care specialties in
northern Taiwan. The study participants were referred for hospi-
talization from the emergency room or from the outpatient clinic
setting.
2.2. Methods
On admission, attending nurses and physicians completed
history taking and measured physiological parameters (systolic
blood pressure, pulse rate, respiratory rate, body temperature, and
level of consciousness), and performed comprehensive physical
examinations. Blood pressure was measured with the patient lying
down. Blood samplings were performed within 1e12 hours of
hospital admission for a routine admission proﬁle, including
plasma glucose, liver function test (alanine aminotransferase),
renal function test (creatinine), main electrolytes, complete blood
cell count, and hemoglobin. We collected the admission data, dis-
charged ICD-9 (International Classiﬁcation of Diseases, 9th Revision
Clinical Modiﬁcation) diagnosis codes, and outcome variables. For
routinely collected hospital admissions andmortality, the following
international classiﬁcations of diseases (ICD revision 9) were used:
total cardiovascular disease (ICD-9, 390e459.9), ischemic heart
disease (ICD-9, 410e414.9), gastroenteric disease (ICD-9,
530e578.9), respiratory disease (ICD-9, 460e519.9), renal disease
(ICD-9, 580e599), infectious disease (ICD-9, 002e099.9), type 2
diabetes (ICD 9, 250), and cancers (ICD-9, 141e203.0). There were
many discharge diagnoses for one patient. We selected the main
ﬁve diagnoses.
The risk factors for mortality were examined separately for each
different medical or surgical department because of differences in
their baseline data. Cutoff levels of continuous variables related to
risky condition for predicting in-hospital mortality were adopted in
the range of more than 85e95 percentile or lower than 5e15
percentile and were changed to approximate integers. We divided
continuos data into binary categories, with the cutoff level of age
for older patients was >80 years, abnormal systolic BP was >180 or
<90 mmHg, abnormal blood glucose was >160 or <80 mg/dL,
abnormal white cell count was >12103 or <3103/mL, abnor-
mally high alanine aminotransferase was >80 U/L, and abnormally
high creatinine was >1.5 mg/dL. The main outcome measure was
in-hospital mortality.
The study was conducted following the ethical principles out-
lined in the Declaration of Helsinki, and approval of the study was
obtained from the Scientiﬁc Research Ethics Committee of the
hospital. We were not able to obtain formal informed consent from
the patients because of the particular design of the study.
2.3. Statistics
Continuous variables were compared by Student t test and
categorical variables by chi-square test. Multiple logistic regression
models were constructed with all-cause mortality as the endpoint,
using the risk factors as possible predictors. All calculations wereperformed using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA).
Statistical signiﬁcance was set at p< 0.05.
3. Results
A total of 3945 oldest-old patient admissions during the study
period were identiﬁed and included. Out of all participants, 2037
(51.6%) were female, and the average age was 81.8 (5.4) years;
53.5% had a history of hypertension, 28.1% had a history of diabetes,
35.4% had heart diseases, and 11.4% were classiﬁed as having
cancers. The mean of length of stay in the hospital was 12.4 (14.4)
days, and the overall mean admission fee was 129,508 (170,200)
Taiwan dollars (NTD). The overall in-hospital mortality rate was
8.2% (in medical wards: 9.9%; in surgical wards: 3.7%). The mean
admission fee of those who died in hospital was near double that of
those who had been discharged from hospital [dead: 243,686
(285,301); NTD vs. alive: 119,435 (152,027) NTD].
The discharge ICD diagnoses of the study participants stratiﬁed
by department categories are shown in Table 1. Cardiovascular
diseases were the most common diagnosis in these oldest-old
patients.
The characteristics of the study participants, stratiﬁed by
department categories and mortality status, are shown in Table 2.
Most of the baseline characteristics differed signiﬁcantly between
the dead and alive groups. Univariate analysis to identify the risk
factors for mortality in medical wards showed that lower hemo-
globin levels and systolic blood pressure were signiﬁcantly corre-
lated with mortality, and increasing aging, higher plasma sugar,
alanine aminotransferase, creatinine, and white cell count were
positively associated with an increased risk. In surgical wards,
referral from emergency room was a signiﬁcant risk factor.
The multivariate adjusted odds ratios (OR) of risk factors for
death in the extended models are shown in Table 3. Multivariable
analysis revealed that older age, creatinine, and white cell count (in
continuous variables) were independent factors associated with in-
hospital mortality in medical wards. A borderline signiﬁcant
increase in the risk of mortality was observed in patients with
higher levels of plasma glucose or alanine aminotransferase. Effects
of history of hypertension, heart disease, and diabetes were nega-
tive on in-hospital mortality in medical wards, although no statis-
tical signiﬁcance.
The risk of in-hospital mortality increasedwith increasing white
cell counts in logistic regression models, whereas the risk of
mortality increased with low white cell counts in pathophysiologic
Table 2
Basic characteristics of the study sample aged 75e105 years admitted in a medical center.
Characteristicsa Medical wards Surgical wards
Alive Dead p Alive Dead p
Numbers 2584 283 1038 40
Age (y) 82.2 (5.5) 83.5 (5.6) <0.0001 80.5 (4.7) 84.4 (5.4) <0.001
Sex (female %) 51.9 49.5 0.4308 51.5 48.6 0.8958
From emergency room (%) 70.7 70 0.7953 39.8 75.0 <0.0001
Length of stay (d) 13.2 (15.1) 16.3 (17.5) 0.0013 9.3 (10.5) 14.1 (15.6) 0.0049
Total admission fee (Taiwan dollars) 122,268 (151,731) 241,429 (286,657) <0.0001 112,383 (152,607) 259,595 (278,656) 0.0022
Unclear consciousness (%) 15.3 40.6 <0.0001 5.0 33.3 <0.0001
Smoking habitsdcurrent smoker (%) 27.1 28.6 0.6492 21.8 19.4 0.7335
Alcohol drinking habits (%) 15.9 17.5 0.5363 13.1 13.9 0.8900
History of hypertension (%) 55.6 43.8 0.0002 51.2 52.5 0.8675
History of diabetes (%) 30.2 25.8 0.1283 23.8 20.0 0.5794
History of heart disease (%) 39.2 30.4 0.0039 27.2 42.5 0.0336
History of cancer (%) 11.7 13.4 0.3789 10.4 2.5 0.1037
Body temperature (C) 36.9 (0.6) 36.7 (1.2) 0.0182 36.7 (0.5) 36.8 (0.6) 0.2928
Plasma glucose (mg/dL) 124.3 (52.6) 142.6 (67.7) <0.0001 121.4 (45.9) 164.1 (79.3) <0.0001
ALT (U/L) 32.4 (72.9) 113.6 (380.7) 0.0012 24.7 (30.1) 137.6 (492.4) <0.0001
Creatinine (mg/dL) 1.5 (1.5) 2.2 (1.9) <0.0001 1.3 (1.2) 1.8 (1.6) 0.0206
Systolic BP (mmHg) 137.1 (23.2) 125.3 (29.1) <0.0001 141.4 (22.5) 130.4 (28.2) 0.0322
Diastolic BP (mmHg) 72.3 (13.7) 67.2 (15.2) <0.0001 74.9 (12.2) 72.5 (15.7) 0.3955
Hemoglobin (g/dL) 10.8 (2.0) 10.1 (2.2) <0.0001 11.6 (1.9) 9.7 (1.9) <0.0001
White cell count (103/mL) 9.1 (4.9) 12.3 (8.7) <0.0001 8.5 (3.8) 11.6 (5.5) <0.0001
ALT¼ alanine aminotransferase; BP¼ blood pressure.
a Values for continuous characteristics were expressed as mean (SD).
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the dataset repeatedly using binary categories of risk factors. To
maximize statistical power, we repeated the analyses for all-cause
mortality, subdividing the continuous variables into categories.
There was a negative association between female gender and in-
hospital death in an adjusted regression model [OR, 0.57; 95%
conﬁdence interval (CI), 0.37e0.88].These relationships between
a history of cancer and mortality decreased after adjustment for
multiple risk factors in medical wards. A 5.86-fold increase related
to low hemoglobin (lower than 9 g/dL) with mortality in surgical
department was noted during the admission, compared to a 1.25-
fold increase in medical wards. Multivariate analysis revealed that
older age (>80 years); abnormally low or high systolic blood
pressure (>180 or <90 mmHg), blood glucose (>160 or <80 mg/
dL), and white cell count (>12103 or <3103/mL); abnormally
high alanine aminotransferase (>80 U/L); and abnormally highTable 3
Adjusted ORs of risk factors impacting on the in-hospital mortality in patients aged
75e105 years.
Characteristics Medical wards Surgical wards
OR 95% CI OR 95% CI
Age (y) 1.06 1.03e1.09 1.17 1.03e1.33
Sex (male vs. female) 0.71 0.46e1.09 0.61 0.15e2.51
From emergency room 1.27 0.75e2.14 3.92 1.03e14.92
Smoking habitsdcurrent smoker 1.25 0.76e2.08 2.00 0.32e12.73
Alcohol drinking habits 1.49 0.88e2.49 1.55 0.18e13.22
History of hypertension 0.87 0.62e1.23 1.38 0.36e5.27
History of diabetes 0.99 0.67e1.45 0.44 0.10e2.07
History of heart disease 0.83 0.59e1.17 3.34 0.99e11.29
History of cancer 1.67 1.06e2.62 0.42 0.04e4.39
Body temperature (C) 0.92 0.75e1.13 0.73 0.26e2.03
Plasma glucose (mg/dL) 1.01 1.00e1.01 1.01 1.00e1.01
ALT (U/L) 1.01 1.00e1.01 1.01 1.00e1.02
Creatinine (mg/dL) 1.22 1.12e1.33 1.06 0.76e1.49
Systolic BP (mmHg) 0.99 0.98e1.02 0.98 0.95e1.01
Diastolic BP (mmHg) 1.00 0.99e1.02 1.01 0.96e1.07
Hemoglobin (g/dL) 0.92 0.84e1.01 0.46 0.31e0.69
White cell count (103/mL) 1.06 1.04e1.09 1.14 1.02e1.28
ALT¼ alanine aminotransferase; BP¼ blood pressure; CI¼ conﬁdence interval;
OR¼ odds ratios.creatinine (>1.5 mg/dL) were independent factors associated with
in-hospital mortality in medical wards that are shown in Table 4.
4. Discussion
To the best of our knowledge, this is the ﬁrst study to explore the
relationship between risk factors assessed during admission and
in-hospital mortality in Taiwan. We examined the risk factors to
predict in-hospital mortality of the oldest-old patients admitted to
our medical center. The patients who had abnormal levels of
plasma glucose, alanine aminotransferase, creatinine, white cell
count, and hemoglobin, tested in the ﬁrst 24 hours of hospitaliza-
tion, were at signiﬁcant risk of in-hospital mortality. In surgical
wards, there was a 3.44-fold increased risk of mortality for patients
who had been referred from the emergency room compared to
those from an outpatient clinic setting. Our ﬁndings suggest that
clinicians should pay greater attention to the patients with olderTable 4
Adjusted ORs of risk factors (categorical variables) impacting on the in-hospital
mortality in patients aged 75e105 years.
Characteristics Medical wards Surgical wards
OR 95% CI OR 95% CI
Age (>80 vs. 75e80 y) 1.83 1.25e2.68 3.09 0.88e10.9
Sex (male vs. female) 0.57 0.37e0.88 0.82 0.24e2.81
From emergency room 1.37 0.81e2.34 3.44 1.15e10.3
Smoking habitsdcurrent smoker 1.31 0.78e2.19 0.99 0.18e5.37
Alcohol drinking habits 1.39 0.83e2.36 1.51 0.25e9.20
History of hypertension 0.75 0.53e1.07 1.10 0.37e3.26
History of diabetes 0.78 0.56e1.12 0.51 0.14e1.84
History of heart disease 0.79 0.56e1.12 2.28 0.79e6.60
History of cancer 1.56 0.99e2.46 0.26 0.03e2.72
Plasma glucose (<80 or >160 mg/dL) 1.97 1.36e2.85 2.68 0.83e8.67
ALT (>80 U/L) 2.78 1.68e4.58 4.24 0.52e34.4
Creatinine (>1.5 mg/dL) 2.91 2.06e4.12 1.63 0.53e4.99
Systolic BP (>180 or <90 mmHg) 2.29 1.31e3.99 0.48 0.06e3.99
Hemoglobin (<9.0 g/dL) 1.25 0.86e1.83 5.86 1.72e20.1
White cell count
(>1.2 103 or <3.0 103/mL)
2.59 1.84e3.65 3.15 0.99e10.01
ALT¼ alanine aminotransferase; BP¼ blood pressure; CI¼ conﬁdence interval;
OR¼ odds ratios.
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those who are referred from the emergency room with regard to
the risk of mortality.
In our analyses, nearly one-fourth of the hospitalized patients
had cardiovascular diseases or chronic respiratory conditions, and,
moreover, 8.7% of the study participants had a diagnosis of sepsis in
themedical wards. According to our data, one in every 11 oldest-old
patients died in our large teaching hospital. Barba et al4 analyzed
a database of very old patients in Spain, and found that these
patients represented an increasing proportion of the admission and
also had a 50% higher risk of complications. In addition, they found
that the mortality rate was double that of younger persons during
their hospital stay. Data taken from studies of elderly pop-
ulations15,16 revealed that mortality varied between 17% and 22%
for acute hospital patients. These ﬁndings reﬂect the poor prog-
nosis of acute hospitalization for elderly populations.
These oldest-old patients died mostly due to cardiovascular
diseases (the most common diagnosis) in medical wards, but they
had lower frequency of DM, HT, or heart disease history. Histories of
hypertension, heart disease, and diabetes have negative effects on
in-hospital mortality, although no statistical signiﬁcance. This
indicated that atherosclerotic diseases had not been taken care of
previously among patients without any histories of type 2 diabetes,
hypertension, or heart disease.
The high proportion of the oldest-old hospitalized patients
referred from the emergency room (70.6% in medical wards and
41.1% in surgical wards) might represent a dramatic change in the
health of this aged population. Their mortality rate was higher than
that for the patients who were transferred from outpatient clinic
setting, especially those in surgical wards. These ﬁgures reﬂect that
the patients who visit the emergency department havemore severe
health problems and poor prognosis.
Death is usually a complex process, and attributing death to only
one reason or a main diagnosis is often inappropriate, especially in
the elderly. For instance, a patient may present with low blood
pressure and anemia, and then die of lethal upper gastrointestinal
bleeding in the setting of worsening esophageal varicose induced
by cirrhosis of the liver. This patient would have died as a conse-
quence of a constellation of events. What is important is to identify
factors that might increase the risk of a poor prognosis for patients.
Previous research has investigated the predictive power for
mortality of self-rated health17, the comorbidity index4, and func-
tional status prior to admission15. However, these studies mainly
assessed adults in the general population and risk factors as
predictors of long-term mortality rather than focusing speciﬁcally
on elderly adults or on the period during the patient’s hospitali-
zation. In various hospital populations, abnormally high or low
values of serum sodium18,19, glucose20,21, peripheral white cell
counts16,22,23, and blood urea16,24 have been shown to correlate
with adverse outcomes. Asadollahi et al25 reported that the
prediction of hospital mortality from admission laboratory data
was determined using logistic regression analysis in the UK, and
showed that increasing age and abnormalities such as abnormal
levels of electrolytes, uremia, abnormal white cell count (leucope-
nia, neutrophilia), and anemia were associated with mortality. That
study conﬁrmed the ﬁndings of others that both low and high
values of tests were associated with increased mortality, and that
combinations of abnormalities had stronger associations with
inpatient death than a single abnormality26e28.
We adopted a different approach in this pilot study, investi-
gating possible predictive factors of combinations of abnormalities
in routine laboratory tests for hospital mortality, focusing on the
more discriminatory laboratory variables. We observed that
mortality was borderline higher in patients with cancer in medical
wards and in patients with heart diseases in surgical wards, but notin patients with the usual chronic diseases such as hypertension
and diabetes. Although hypertension and diabetes have been
associated with increased mortality in population-based studies, it
seems reasonable to assume that hospital mortality is associated
more with acute conditions, such as abnormal organ function, than
with exacerbation of a chronic disease.
This study has several strengths. It involved more than 3900
patients from medical and surgical wards, making it the largest
study of its type conducted so far and making its ﬁndings reﬂective.
It also included a multifaceted assessment of the independent
relationships between routine admission tests and outcomes using
multiple logistic regression models and adjusting for relative
factors.
It is important to stress that the risk of mortality may have been
underestimated due to the traditional culture in Taiwan, where
dying at home is favored. Therefore, total in-hospital mortality and
the strength of the risk factors may be underestimated. In spite of
the likelihood of underestimation, the importance of the signiﬁcant
risk factors for in-hospital mortality is clear. In addition to exam-
ining only the patients’ in-hospital mortality status, further studies
on in-hospital and 30-day mortality outcomes following admission
are warranted. This, in essence, may be more practical and may
conform to the risk assessment. Some studies have already devel-
oped a scoring system of parsimonious predictive models to predict
the mortality of patients admitted acutely27,28.
In conclusion, we analyzed records from a large database of
oldest-old patients admitted to both medical and surgical depart-
ments at a large hospital in Taiwan. We showed baseline charac-
teristics, routine admission tests, and their relationship with risks
of in-hospital mortality. This age group represents an ever-
increasing percentage of the patients admitted to hospitals, so it
is important to recognize their speciﬁc needs in order to provide
the most effective healthcare and prevent in-hospital mortality.Conﬂicts of interest
All contributing authors declare no conﬂicts of interest.References
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